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Objective: To assess reproducibility of ultrasonographic measurements of arterial distensibility and intima-media 
thickness (IMT) in the common carotid arteries. 
Design: Prospective study. 
Materials: Measurements of lMT and arterial distensibility were performed on-line in B-mode and M-mode, respectively. 
Blood pressure was assessed. From the measured variables tiffness indices were derived. 
Methods: Twenty-five persons were included in the IMT study, both healthy subjects and patients with atherosclerotic 
disease. Distensibility was measured in a randomly selected subgroup of 10 persons. All subjects were examined by two 
different sonographers on the same day and were re-examined after 1 or 2 weeks. 
Results: When data from both carotid arteries were combined, the interobserver coefficient of variation of IMT was on 
average 11.7%, of diastolic diameter 3.3%, of distension and relative distension 11.8%, of distensibility coefficient 12.3%, 
and of stiffness parameter fi 19%. Intraobserver variability was slightly lower than interobserver variability. Variability 
for measurements in the right common carotid artery only was higher than for measurements of both carotid arteries 
combined. 
Conclusions: Our study demonstrates that reproducibility of measurements of IMT and arterial distensibility of the 
common carotid artery, by B-mode and M-mode ultrasonography respectively, is acceptable when used in large studies. 
Key Words: Carotid arteries; Ultrasonics; Observer variation. 
Introduction 
Characteristics of atherosclerosis include increased ar- 
terial wall thickness and stiffness. 1'2 Gradual thickening 
of the arterial wall occurs in the slow process of 
atherosclerosis, in which localised atherosclerotic 
plaques may arise. 2 Increasing arterial wall stiffness 
can be explained because of structural vascular 
changes with increasing diameter and wall thickness 
as well as calcification and fibrosis due to vascular 
risk factors like aging, diabetes and hypertension. 3 
Arterial wall stiffness can be expressed as the arterial 
distensibility, the relative increase in lumen diameter 
due to the rise in blood pressure during systole, which 
decreases when arterial wall stiffness increases. 
Using high-resolution B-mode and M-mode ultra- 
sonography, early stages of atherosclerosis can be 
quantified non-invasively in large superficial arteries, 
such as the carotids. Measurements of the combined 
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thickness of the intima and media (the intima-media 
complex) and arterial distensibility give information 
about local atherosclerotic changes and are related to 
atherosclerosis in coronary, cerebral and peripheral 
arteries. 4'5 Both measurements can therefore be used 
as intermediate outcome in clinical trials to determine 
the effects of risk factors for atherosclerosis. 
B-mode and M-mode imaging provide simple 
methods for measuring intima-media thickness (IMT) 
and arterial distensibility respectively. Both techniques 
are widely available, cheap, easy to operate and there- 
fore ideal for multicentre trials. Furthermore, both 
imaging modalities can be performed on-line on one 
ultrasound machine. Other techniques like automatic 
intima-media detection and phase-locked echo-track- 
ing, developed for IMT and distensibility meas- 
urements, respectively, need specific equipment, 
which is only available in specialised centres. 
Clinical and epidemiological studies often require 
several hundred participants o detect plausible treat- 
ment effects on IMT and distensibility. For efficiency 
unilateral examination is preferred to examination of
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Table 1. Characteristics of the 25 participants, including healthy 
volunteers and patients with established atherosclerotic disease. 
Age (years) 49.6 + 16.8" 
Women (%) 48 
Body mass index (kg/m 2) 24.9 ± 3.7* 
Cigarette smoking (%) 
Current 28 
Past 28 
Never 44 
Blood pressure 
Systolic (mmHg) 137 ± 20* 
Diastolic (mmHg) 79 ± 10" 
Known vascular disease (%) 56 
Cerebral (%) 4 
Peripheral (%) 52 
Cardiac (%) 12 
Known diabetes mellitus (%) 16 
* Mean + standard eviation. 
both carotid arteries, but variability may increase and 
larger sample sizes will be required. 
To our knowledge, no studies on reproducibility of 
combined on-line measurements in B-mode and M- 
mode on one ultrasound machine have been reported. 
Furthermore, there is no consensus whether to use 
IMT and arterial distensibility measurements of only 
one carotid artery or to use the average of both carotid 
arteries. The purpose of the present study was to 
determine intra and interobserver variability of IMT 
and arterial distensibility measurements in the right 
carotid common artery as well as in both carotid 
arteries in a research-oriented vascular diagnostic 
laboratory setting. 
B-mode imaging 
The left and right common carotid arteries were ex- 
amined from anterolateral, posterolateral, and lateral 
positions respectively. In a two-dimensional image of 
the carotid artery and anterior wall, the lumen and 
the posterior wall can be distinguished. In the posterior 
wall, the interface between blood and intima gives 
rise to the upper demarcation line of an echogenic 
zone. The upper demarcation line of the second echo- 
genic zone in this wall corresponds to the media-  
adventitia interface. There is agreement between 
histological and sonographic determination of com- 
bined intima-media thickness in the far wall. 6'7 As a 
reference point we used the beginning of the dilatation 
of the carotid bulb, with loss of the parallel con- 
figuration of the near and far walls of the common 
carotid artery. An R-wave triggered optimal lon- 
gitudinal image of the far wall was frozen. On this 
image the sonographer t aced the leading edges cor- 
responding to the transition zones between lumen-  
intima and media-adventitia, over a length of I cm 
proximal from the reference point (Fig. la). The total 
intima-media surface of this selected area was cal- 
culated instantly by the built in software of the ultra- 
sound system. The mean intima-media thickness was 
subsequently calculated and averaged for the three 
sites of each carotid artery. 
Subjects and Methods 
The IMT study was performed in 25 subjects, whose 
characteristics are shown in Table 1. In a random 
sample of ten of these, distensibility was measured. 
Both healthy subjects and patients with known 
atherosclerotic disease were included to obtain a wide 
range of IMTs and distensibilities. Subjects were ex- 
amined by two different sonographers on the same 
day and were re-examined by the same sonographers 
after 1 or 2 weeks. Observers were unaware of the 
results of previous measurements. 
Subjects were examined in supine position after 
5 min rest with their head turned 45 degrees opposite 
to the side being scanned. The carotid arteries were 
examined with an ATL Ultramark 9 or HDI 3000 
ultrasound system (Advanced Technology Laborat- 
ories, Bothel, Washington, U.S.A.), equipped with a 
5-10Mhz linear array transducer. Additionally, an 
electrocardiographic signal was recorded. 
M-mode imaging 
Both common carotid arteries were examined in an 
anterolateral direction. The transducer was placed on 
the carotid bifurcation with the least possible pressure, 
not compressing the overlying jugular vein and al- 
lowing expansion of the carotid artery in all directions. 
Using B-mode a region 2 cm proximal to the origin of 
the carotid bulb was identified. An M-line per- 
pendicular to the vessel walls was selected and an M- 
mode recording was made. The M-mode image was 
frozen after the recording of three consecutive puls- 
ations to allow on-line measurements. The minimal 
and maximal umen diameters were determined visu- 
ally. Diameters were measured as the distance between 
two cursors, which were allowed to move only ver- 
tically, positioned on the leading edges (i.e. the upper 
demarcation line of the echogenic zones) of the lumen- 
intima interface of the anterior and posterior wall. 
Minimal and maximal diameters were measured at 
three consecutive pulsations in one frozen M-mode 
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Fig. la. B-mode measurement of intima-media thickness. 
Fig. lb. M-mode measurement of distensibility. 
image (Fig. lb). The entire procedure was performed 
three times resulting in nine minimal and nine maximal 
diameters for each common carotid artery. 
Blood pressure measurements 
Blood pressure was assessed non-invasively in the 
right brachial artery with a semi-automatic blood pres- 
sure device (Omega 1400, Invivo Research Laboratories 
Inc.) during each M-mode image acquisition. With the 
subject in supine position and the brachial artery at 
the same level as the carotid artery, this procedure 
gives an approximation of the blood pressure in the 
common carotid artery at the time of M-mode meas- 
urements. 
The diastolic lumen diameter (Dd), the systolic 
lumen diameter minus the diastolic lumen diameter 
(AD), the systolic blood pressure (Ps), the diastolic 
blood pressure (Pd), and the systolic blood pressure 
minus the diastolic blood pressure (AP) were assessed. 
From these variables the following parameters were 
calculated: 
(1) distension (AD) 
(2) relative distension (AD/Dd) 
(3) distensibility coefficient (DC = [2*AD/Dd]/AP) 
(4) stiffness parameters [3 ([3 = [In Ps/Pd]*Dd/AD) 
The distensibility coefficient represents the relative 
increase in diameter normalised for pulse pressure 
(intrinsic wall property). The stiffness parameter [3 
gives information about structural wall changes within 
the normal physiological b ood pressure range where 
pressure-extension s assumed to be an exponential 
function. 8 
Intraobserver variability was determined for each 
parameter by comparing data of the same sonographer 
at two different measuring sessions; interobserver re- 
producibility by comparing data from both son- 
ographers at one occasion. Thus two intraobserver and 
two interobserver variabilities could be derived for 
each parameter. Variability of measurements was as- 
sessed by means of the method escribed by Bland and 
Altman, including scatterplots showing the difference 
between two measurements (y-axis) against their mean 
(x-axis), 9 and by calculating the coefficient of variation 
(CV) for each parameter. The coefficient of variation 
describes the difference as a percentage of the pooled 
mean values and is equal to the intra or interobserver 
error (standard eviation of the mean difference/ 
x/2) times 100 divided by the pooled mean values. 
Reproducibility-data are shown for both carotid ar- 
teries as well as for only the right carotid arteries. 
Results 
The mean values and the intra and interobserver co- 
efficients of variation of IMT and arterial stiffness 
indices, for both carotid arteries combined and for 
only the right carotid arteries, are shown in Table 2. 
For both and for only the right carotid arteries, the 
interobserver variabilities in measurements of IMT 
were on average 11.7% and 11.9%, of diastolic diameter 
3.3% and 6.3%, of distension 11.8% and 14.6%, of 
relative distension 11.8% and 15.7%, of distensibility 
coefficient 12.3% and 14.0%, and of stiffness parameter 
f3 19.1% and 25.4%, respectively. Intraobserver vari- 
ability was equal to or less than interobserver vari- 
ability. 
Scatterplots of the difference between two meas- 
urements of IMT and distensibility coefficient in both 
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Table 2. Mean values and coefficients of variation of IMT and stiffness indices for the right and for both common carotid arteries. 
Interobserver Mean Intraobserver Mean Interobserver Mean Intraobserver Mean 
variability (CV) values variability (CV) values variability (CV) values variability (CV) values 
using both ( _+ S.D.) using both ( -t- S.D.) using the right ( _+ S.D.) using the right ( -+ S.D.) 
common carotid common carotid common carotid common carotid 
arteries arteries artery artery 
IMT 
(mm) 
Dd 
(mm) 
AD 
(mm) 
AD/Dd 
DC I 
(10-3/mmHg) 
9.4%* 0.68_+0.20 8.4%:~ 0.67_+0.23 10.4% 0.68_+0.20 9.6% 0.66_+0.22 
13.9%} 0.71_+0.20 6.9%§ 0.72_+0.18 13.3% 0.69_+0.19 8.0% 0.71_+0.17 
2.8% 6.3_+0.7 2.9% 6.3_+0.7 5.1% 6.4_+0.7 3.5% 6.5_+0.9 
3.8% 6.2_+0.7 2.4% 6.1_+0.6 7.4% 6.2_+0.7 3.4% 6.1_+0.6 
10.4% 0.54_+0.16 11.6% 0.55+0.14 12.8% 0.55_+0.16 12.8% 0.55_+0.13 
13.1% 0.54_+0.14 12.0% 0.53_+0.16 16.4% 0.56_+0,14 12.6% 0.56_+0.16 
7.8% 0.09_+0.02 7.8% 0.09_+0.02 15.7% 0.09_+0.02 15.7% 0.09_+0.02 
15.7% 0.09_+0.02 7.8% 0.09_+0.02 15.7% 0.09_+0,02 15.7% 0.09_+0.02 
10.1% 2.7_+1.0 9.9% 2.7_+1.1 13.1% 2.7_+1.0 10.3% 2.7_+1.0 
14.4% 2.7_+0.9 12.8% 2.8_+1.0 14.8% 2.7_+0.8 14.6% 2.8_+0.9 
21.5% 9.1_+3.7 10.0% 8.6-+2.8 30.6% 8.9-+5.0 23.4% 8.7_+2.9 
16.6% 8.6_+2.8 18.5% 9.2_+3.8 20.1% 8.6_+2.6 30.8% 9.6_+3.6 
Abbreviations: IMT=intima-media thickness, Dd=diastolic lumen diameter, AD=distension, AD/Dd=relative distension, DC=dis- 
tensibility coefficient, [3= stiffness parameter [3,CV = coefficient of variation, S.D. = standard eviation. 
* First session, f second session, ~c first sonographer, § second sonographer. 
Conversion from mmHg to kPa: multiply by 0.13. 
carotid arteries (y-axis) against their means (x-axis) 
are shown in Fig. 2. Fig. 2a represents the difference 
in IMT measurements between both ultrasonographers 
at the first session against their mean. The mean dif- 
ference was 0.06 mm. When only the right carotid 
arteries were examined the mean difference was the 
same. Fig. 2b depicts the same variables from the 
second measuring session, where the mean difference 
was 0.04ram. When only the right carotid arteries 
were examined the mean difference was 0.05 mm. Figs 
2c and d show the differences of IMT measurements 
against he mean of two measurements by each ultra- 
sonographer at two measuring sessions. Mean dif- 
ferences were 0.03ram and 0.01mm, respectively. 
When only the right carotid arteries were examined 
these differences were 0.01mm and 0.00mm, re- 
spectively. Figs 2e to h show similar data for the 
distensibility coefficients. For only the right carotid 
arteries these mean differences for the distensibility 
coefficients were 0.34.10-3/mmHg and 0.22.10-~/ 
mmHg for interobserver variability and 0.19.10-3/ 
mmHg and 0.32.10-3/mmHg for intraobserver vari- 
ability, respectively. 
IMT reproducibil ity was essentially the same if cal- 
culated for the different sites of measurement (anterior, 
medial, posterior wall) separately (Table 3). Variability 
was less when using the mean of the measurements 
at three sites, instead of the measurement a a single 
site. 
Discussion 
The interobserver coefficient of variation for IMT meas- 
urements was almost 12%. The interobserver co- 
efficient of variation of stiffness parameters and 
diastolic diameter was lowest for measurements of the 
diastolic diameter, higher for distension, distensibility 
coefficient or relative distension, and highest for stiff- 
ness parameter ~3. Intraobserver variability was slightly 
less than interobserver variability. The coefficient of 
variation of measurements in only the right common 
carotid arteries was higher for all parameters than 
when measurements in both carotid arteries were 
combined. 
Our results for reproducibil ity of IMT meas- 
urements are in agreement with those reported in 
the literature using the same technique. 1°-12 For 
arterial stiffness measured by M-mode, Gamle et al. 
found a coefficient of variation of 13-17% for the 
distensibility coefficient and about 6% for the diastolic 
lumen diameterJ  3 To our knowledge, our study is 
the first to report both the reproducibil ity of IMT 
measurements in B-mode and distensibility meas- 
urements in M-mode using the same ultrasound 
device. This combination of techniques is especially 
suitable for studying atherosclerosis in epidemiologic 
studies and clinical trials in centres without spe- 
cialised equipment. Previous studies have used a 
variety of techniques for measurement of arterial 
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Fig. 2. (a) Lnterobserver variability of int ima-media thickness (IMT) of both common carotid arteries at the first measurement session. (b) 
Interobserver variability of int ima-media thickness (IMT) of both common carotid arteries at the second measurement session. (c) Intraobserver 
variability of int ima-media thickness (IMT) of both common carotid arteries for sonographer 1. (d) Intraobserver variability of int ima-media 
thickness (IMT) of both common carotid arteries for sonographer 2. (e) Interobserver variability of the distensibility coefficient (DC) of both 
common carotid arteries at the first measurement session. (f) Interobserver variability of the distensibility coefficient (DC) of both common 
carotid arteries at the second measurement session. (g) Intraobserver variability of the distensibility coefficient (DC) of both common carotid 
arteries for sonographer 1. (h) Intraobserver variability of the distensibility coefficient (DC) of both common carotid arteries for sonographer 2.
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Table 3. Coefficients of variation of IMT for the right and for both common carotid arteries, calculated for the different sites of 
measurement. 
Interobserver variability 
(CV) using both common 
carotid arteries 
Intraobserver variability 
(CV) using both common 
carotid arteries 
Interobserver variability 
(CV) using the right 
common carotid artery 
Interobserver variability 
(CV) using the right 
common carotid artery 
Anterior wall 14.1%* 11.0%:~ 17.7% 13.2% 
16.1%t 10.1%§ 17.7% 10.3% 
Medial wall 11.5% 12.7% 14.7% 13.2% 
13.8% 8.6% 13.8% 14.1% 
Posterior wall 12.6% 15.7% 11.9% 18.1% 
15.0% 9.0% 17.5% 11.5% 
* First session, t second session, :~first sonographer, § second sonographer. 
compliance including phase-locked echo tracking, TM 
multi-gated pulsed doppler, 1~ magnetic resonance 
imaging, 16 applanation tonometry] 7 intravascular 
ultrasound ~8and pulsed Doppler velocitometry. 19 
These measurement methods require equipment and 
training that is only available in a few centres. 
In our research-oriented vascular diagnostic laborat- 
ory setting, all measurements were performed on-line, 
allowing instant handling of data. We preferred to use 
the mean IMT of measurements at three sites, because 
variability was less compared with measuring at only 
one site (anterior, medial or posterior wall). Moreover, 
measuring at several sites will give a better eliability 
in case of wall thickness eccentricity. IMT of the far 
wall of the distal part of the common carotid artery 
could be measured in 99.7% of subjects in ACAPS, a 
large study with 919 participants. 2° Visualisafion in 
this part of the carotid artery is good as plaques do 
not impede IMT measurements. For determination 
of distensibility, the common carotid arteries were 
examined three times in anterolateral direction without 
compression of the overlying jugular vein. This scan- 
ning procedure provides an optimal image of the 
leading edges of the lumen-intima interfaces in both 
vascular walls, without artifacts in the carotid lumen. 
The coefficient of variation for the diastolic lumen 
diameter was less than for the stiffness indices: dis- 
tension, relative distension, distensibility coefficient 
and stiffness parameter [3. The reproducibility of the 
indices reflects the cumulation of the variability of its 
constituents, which can be expected to be greater than 
the variability of only the diastolic lumen diameter. 
The stiffness parameter [3 should give the best estimate 
(without pressure dependence) of the real deformation 
behaviour of the vascular wall within the physiological 
pressure range. 21 However, we found only a moderate 
level of reproducibility of measurements of this para- 
meter. This may be explained by the large influence 
of blood pressure, which cannot be assessed non- 
invasively at the same place and precisely the same 
time as the M-mode measurements. When re- 
producibility is taken into consideration, the stiffness 
parameter [3becomes unattractive. 
In four large studies, no systematic differences in 
IMT between the right and left common carotid artery 
could be found .  22 25 Bots et al. reported a better re- 
producibility when measuring IMT in both carotid 
arteries compared with measuring in only one. 12 In 
our study, measurements of IMT and distensibility 
in both carotid arteries took about half-an-hour per 
person, whereas canning of only one carotid artery 
took about 20 min. Therefore, the examination of only 
one carotid artery might be attractive in a clinical 
trial. On the other hand, with larger variability of the 
outcome measurement, a larger sample size is needed. 
Reproducibility of measurements in the carotid ar- 
tery may be better than in other arteries, as a result of 
its superficial and well-fixed position. However, it is 
uncertain whether carotid arterial wall measurements 
are fully representative of the overall atherosclerotic 
burden in individuals. There may be a difference in 
atherosclerotic progression between elastic arteries like 
the carotid artery, and muscular arteries like the femoral 
artery, hx one study, carotid IMT was found to lack speci- 
ficity and sensitivity for identification f patients with or 
without significant coronary artery disease. 26In another 
study, carotid IMT was consistently greater in persons 
with clinical evidence of cardiovascular disease than in 
disease-free subjects. 4 The overall differences between 
persons with and without disease were 0.07 mm for a 
history of myocardial infarction, 0.04 mm for angina, 
0.05 mm for cerebrovascular disease, 0.15 mm for peri- 
pheral vascular disease and 0.06 mm for diabetes. Sim- 
ilarly, the prevalence of cardiovascular disease was 
consistently higher in subjects with progressively 
thicker intima-media of the carotid artery. 4 Hirai et al. 
investigated carotid artery stiffness in 19 normal sub- 
jects and 49 patients with myocardial infarction with a 
phase-locked echo-tracking system, s Stiffness was sig- 
nificantly higher in patients with angiographically 
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proven coronary artery disease than in normal  persons 
and was also higher wi th  increasing number  of diseased 
vessels. With respect o these discrepancies emerg ing 
from the l iterature, it seems prudent  to gather more 
in format ion on the relative importance of IMT and ar- 
terial distensibi l i ty measurements  in different arteries 
in predict ing overall  atherosclerotic burden.  
Nowadays ,  IMT measurements  are be ing used as 
intermediate ndpo ints  in clinical trials. 27-29 Mean 
popu lat ion  values for IMT are between 0.4 and  1.0 mm 
and progress ion rates of 0.005-0.3 ram/year  have been 
reported, depend ing  on the cardiovascular risk status 
of the persons inc luded in the study. 3°-32 Longi tud ina l  
studies on progress ion rates of distensibi l i ty para- 
meters have not  yet been performed. For a 3-year 
randomised  clinical trial on risk factor intervent ion i
persons at h igh risk for atherosclerosis, us ing IMT as 
an endpoint ,  the sample size can be calculated from 
the fol lowing assumptions:  tandard eviat ion of IMT 
0.20 ram, progress ion rate in control group 0.10 mm/  
year, t reatment effect 30%, power  (1-~) 80% and sig- 
nif icance level ~<0.05. The 3-year progress ion in the 
control group and in the intervent ion group wou ld  
be 0.30 mm and 0.21 mm,  respectively. The est imated 
sample size for such a clinical trial wou ld  be 156 
patients. 
In conclusion, reproducibi l i ty  of u l t rasonographic  
measurements  of IMT and distensibi l i ty of the common 
carotid artery, in the setting of a research-or iented 
vascular diagnostic laboratory, is acceptable when 
used in large epidemiologic or clinical studies. 
Acknowledgements 
The technical assistance of Sylvia Haak and Roger Lapham in 
performing the ultrasound study, is gratefully appreciated. 
References 
1 WADA T, KODAIRA K, I~UJISHIRO K, MAIE K, TSUKIYAMA E, 
FUKUMOTO T, UCHIDA T, YAMAZAKI S. Correlation of ultrasound- 
measured common carotid artery stiffness with pathological 
findings. Arterioscler Thromb 1994; 14: 479-482. 
2 STARY HC, BLANKENHORN DH, CHANDLER AB, GLAGOV S, INSULL 
W, JR~ RICHARDSON M, ROSENFELD ME, SCHATTER SA, SCHWARTZ 
CJ, WAGNER WE, et al. A definition of the intima of human 
arteries and of its atherosclerosis-prone regions. A report from 
the Committee on Vascular Lesions of the Council on Ar- 
teriosclerosis, American Heart Association. Arterioscler Thromb 
1992; 12: 120-134. 
30'RouRKE M. Arterial stiffness, systolic blood pressure, and 
logical treatment ofarterial hypertension. Hypertension 1990; 15: 
339-347. 
4 BURKE GL, EVANS GW, RILEY WA, SHARRETT AR, HOWARD G, 
BARNES RW, ROSAMOND W, CROW RS, RAUTAHARJU PM, HEISS 
G. Arterial wall thickness is associated with prevalent cardio- 
vascular disease in middle-aged a ults. The Atherosclerosis Risk 
in Communities (ARIC) Study. Stroke 1995; 26: 386-391. 
5 HIRAI T, SASAYAMA S, KAWASAKI T, YAGI S. Stiffness of systemic 
arteries in patients with myocardial infarction; a non-invasive 
method to predict severity of coronary atherosclerosis. Circulation 
1989; 80: 78-86. 
6 WONG M, EDELSTEIN J, WOLLMAN J, BOND G. Ultrasonic-patho- 
logical comparison of the human arterial wall; verification of 
intima-media thickness. Arterioscler Thromb 1993; 13: 482-486. 
7 PIGNOLI P, TREMOLI E, POLI A, ORESTE P, PAOLETTI R. Intimal 
plus medial thickness of the arterial wall: a direct measurement 
with ultrasound imaging. Circulation 1986; 74: 1399-1406. 
8 KAWASAKI T, SASAYAMA S, YAGI S, ASAKAWA T, HIRAI T. Non- 
invasive assessment of the age-related changes in stiffness of 
major branches of the human arteries. Cardiovascular Research 
1987; 21: 678-687. 
9 BLAND J2V[, ALTMAN DG. Statistical methods for assessing agree- 
ment between two methods of clinical measurement. Lancet 1986; 
1: 307-310. 
10 PERSSON J, STAVENOW L, WIKSTICA=ND J, ISRAELSSON B, FORMGREN 
J, BERGLUND G. Non-invasive quantification of atherosclerotic 
lesions. Reproducibility of ultrasonographic measurement of 
arterial wall thickness and plaque size. Arterioscler Thromb 1992; 
12: 261-266. 
11 WENDELHAG I, GUSTAVSSON % SUURKULA M, BERGLUND G, 
WIKSTRAND I. Ultrasound measurement of wall thickness in 
the carotid artery: fundamental principles and description of a 
computerized analysing system. Clin Physiol 1991; 11: 565-577. 
12 BOTS ML, MULDER PGH, VAN ES GA, GROBBEE DE. Re- 
producibility ofcarotid vessel wall thickness measurements. The 
Rotterdam Study. f Clin Epidemiol 1994; 47: 921-930. 
13 GAMBLE G, ZORN J, SANDERS G, MACMAHON S, SHARPE N. 
Estimation of arterial stiffness, compliance, and distensibility 
from M-mode ultrasound measurements of the common carotid 
artery. Stroke 1994; 25: 11-16. 
14 KAWASAKI T, SASAYAMA S, YAGI S, ASAKAWA T, HIRAI T. Non- 
invasive assessment of the age-related changes in stiffness of 
major branches of the human arteries. Cardiovasc Res 1987; 21: 
678-687. 
15 HOEKS APG, BRANDS PJ, SMEETS FAM, RENEMAN RS. Assessment 
of the distensibility of superficial arteries. Ultrasound Med Biol 
1990; 16: 121-128. 
16 MOHIADDIN RH, UNDERWOOD SR, BOGREN HG, FIRMIN DN, 
KLIPSTEIN RH, REES RSO, LONGMORE DB. Regional compliance 
studied by magnetic resonance imaging: the effect of age, train- 
ing, and coronary artery disease. Br Heart J 1989; 62: 90-96. 
17 KELLY R, DALEY J, AVOLIO A, O'ROURKE M. Arterial dilation and 
reduced wave reflection, benefit of dilevalol in hypertension. 
Hypertension 1989; 14: 14-21. 
18 SLORDAHL SA, PIENE H, LINKER DT, VIK A. Segmental ortic wall 
stiffness from intravascular ultrasound atnormal and subnormal 
aortic pressure in pigs. Acta Physiol Scand 1991; 143: 227-232. 
19 SArAR ME, PERONNEAU PA, LEVENSON JA, TOTO-MOUKOUO JA, 
SIMON AC. Pulsed Doppler: diameter, blood flow velocity and 
volumic flow of the brachial artery in sustained essential hyper- 
tension. Circulation 1981; 62: 393-400. 
20 ESPELAND MA, BYINGTON RP, HIRE D, DAVIS VG, HARTWELL T, 
PROBSTFIELD J. Analysis trategies for serial multivariate ultra- 
sonographic data that are incomplete. Stat Med 1992; 11: 1041- 
1056. 
21 HAYASI-II K, HANDA H, NAGASAWA S, OKUMURA A, MORITAKE 
K. Stiffness and elastic behaviour of human intracranial nd 
extracranial rteries. J Biomechanics 1980; 13: 175-184. 
22 GROBBEE DE, BOTS ML. Carotid artery intima-media thickness 
as an indicator of generalized atherosclerosis. J Intern Med 1994; 
236: 567-573. 
23 UTERMANN G. The mysteries of lipoprotein (a). Science 1989; 246: 
904-910. 
24 GEROULAKOS G, RAMASWAMI G, VELLER MG, FISHER GM, REN- 
TON S, NICOLAIDES A, WALDRON HA, DIAMOND J, ELKELES RS. 
Eur J Vasc Endovasc Surg Vol 16, July 1998 
Reproducibility of Carotid Artery Measurements 35 
Arterial wall changes in type 2 diabetic subjects. Diabet Med 
1994; 11: 692-695. 
25 HEAD J, FULLER JH. International variations in mortality among 
diabetic patients: the WHO Multinational Study of Vascular 
disease in diabetics. Diabetologia 1990; 33: 477--481. 
26 ADAMS MR, NAKAGOMI A, KEECI-I A, ROBINSON J, McCREDIE R, 
BAILEY BP, FREEDMAN SB, CELERMAJER DS. Carotid intima-media 
thickness is only weakly correlated with the extent and severity 
of coronary artery disease. Circulation 1995; 92: 2127-2134. 
27 CROUSE JR, 3D, BYINGTON RP, BOND MG, ESPELAND MA, CK~VEN 
TE, SPRINKLE JWz McGoVERN ME, FURBERG CD. Pravastatin, 
lipids, and atherosclerosis in the carotid arteries (PLAC-II). Am 
J Cardiol 1995; 75: 455-459. 
28 SALONEN R, NYYSSONEN K, PORKKALA E, RUMMUKAINEN J, BEL- 
DER R, PARK JS, SALONEN JT. Kuopio Atherosclerosis Prevention 
Study (KAPS). A population-based primary preventive trial on 
the effect of LDL lowering on atherosclerotic progression in 
carotid and femoral arteries. Circulation 1995; 92: 1758-1764. 
29 DE GROOT E, JUKEMA JW, VAN BOVEN AJ, REIBER JHC, ZWlN- 
DERMAN AH, LIE KI, ACKERSTAFF RA, BRUSCI-IKE AVG, ON BEHALF 
oF THE REGRESS STUDY GROUP. Effect of pravastatin on pro- 
gression and regression of coronary atherosclerosis and vessel 
wall changes in carotid and femoral arteries: a report from the 
regression growth evaluation statin study. Am J Cardiol 1995; 76: 
40C-46C. 
30 HOWARD G, SHARRETT AR, HEISS G, EVANS GW, CHIAMBLESS LE, 
RILEY 1JVA, BURKE GL, for the ARIC INVESTIGATORS. Carotid 
artery intimal-medial thickness distribution in general popu- 
lations as evaluated by B-mode ultrasound. Stroke 1993; 24: 
1297-1304. 
31 VELLER MG, FISHER CM, NICOLAIDES AN, RENTON S, GER- 
OULAKOS G, STAFFORD NJ, SARKER A, SZENDRO G, BEECARO G. 
Measurement of the ultrasonic intima-media complex thickness 
in normal subjects. J Vasc Surg 1993; 17: 719-725. 
32 BOND MG, WILMOTI-I SK, ENEVOLD GL, STRICKLAND HL. De- 
tection and monitoring of asymptomatic atherosclerosis in clin- 
ical trials. Am J Med 1989; 86: 33-36. 
Accepted 2 February 1998 
Eur J Vasc Endovasc Surg Vol 16, July 1998 
